The supplementary information includes: i. the binary and ternary convex hull phase diagrams for all component carbide systems; ii. the energetic distance from the convex hull, ∆H f , for the lowest energy configuration and the corresponding decomposition reaction products for all 56 5-metal carbide compositions; iii. a comparison of XRD spectra for MoNbTaVWC 5−x synthesized using both WC and W 2 C precursors; iv. the elastic response during the mechanical testing for HfNbTaTiZrC 5 ; v. a comparison between the Vickers hardness results obtained from calculation, experiment, and rule of mixtures for the 6 single-phase 5-metal carbides; vi. the bulk and shear moduli for each configuration of the 6 single-phase 5-metal carbides; vii. the electronic density of states for the 9 synthesized 5-metal carbides; viii. the formation enthalpies for each configuration of all 56 5-metal carbides; and ix. the atomic geometry for all configurations used to calculate the EFA for HfNbTaTiZrC 5 .
Supplementary Table 2. The predicted decomposition reaction products for the 56 5-metal carbides according to the AFLOW-CHULL module [1] . system decomposition reaction products MoNbTaVWC 5−x was synthesized using both hexagonal WC and W 2 C precursors, to determine their impact on the homogeneity of the final sample. The x-ray diffraction spectrum for the sample synthesized using WC is displayed in the top panel of Figure 37 , while the spectrum for the sample prepared with W 2 C is shown in the bottom panel. Both spectra feature sharp peaks at similar values of 2θ, indicating that the choice of precursor has little effect on the structure of the high-entropy material. Supplementary Figure 38 . Mechanical properties. (a) Load-displacement curves for 40 indents for HfNbTaTiZrC5 at a maximum load of 50mN. This curve provides the three necessary parameters -the peak load: Pmax, the depth at peak load: δmax, and the initial unloading contact stiffness: κ, (indicated by arrows for an indent) -for obtaining Vickers hardness: HV, and elastic modulus:
Comparison of calculated and measured HV for 6 single-phase 5-metal carbides. All 5-metal carbides have a higher hardness than expected from their respective ROM predictions (indicated by the dotted upward arrows), whereas the calculated HV (green circles) are consistent with the ROM for the AFLOW-AEL results (blue diamonds). The measured HV for the 6 rock-salt structure binary carbide samples along with the calculated HV for rock-salt MoC and WC are also plotted. Error bars represent the standard deviations for a series of 40 indents.
The experimentally measured load-displacement indentation curves for the hardness measurements for the HfNbTaTiZrC 5 sample are shown in Figure 38 (a). Each curve provides the three parameters necessary to obtain the Vickers hardness H V and elastic modulus E [2, 3] : the peak load: P max , the depth at peak load: δ max , and the initial unloading contact stiffness: κ. The measured and calculated H V for 6 5-metal carbides along with 8 rock-salt binary carbides are plotted in Figure 38 (b). The calculated H V are obtained from the thermally averaged bulk (B) and shear (G) moduli, weighted according to the Boltzmann distribution at a temperature of 2200
• C (the experimental sintering temperature), using the model of Chen et al. [4] . The experimentally measured hardness for all 5-metal carbides exceeds the rule of mixture (ROM) predictions, whereas the calculated values are consistent with the ROM for the AFLOW-AEL (Automatic Elasticity Library) results. The atomic disorder is not accounted for in the AFLOW-AEL calculations of the AFLOW-POCC ordered-configurations, suggesting that the measured enhancement in H V is disorder-driven. For HfNbTaTiZrC 5 , H V is about 50% higher than the ROM estimate. Note that the ROM predictions for Mo and/or W containing 5-metal carbides are obtained from the AFLOW-AEL calculations, since MoC and WC do not stabilize in a rock-salt phase at ambient temperature.
The values of B and G for each of the 49 configurations of 6 5-metal carbides are listed in Supplementary Table 3 . These elastic moduli are calculated using the Voigt-Reuss-Hill (VRH) average within the AEL module [5] of the AFLOW framework. Supplementary Table 3 . B and G for each configuration of 6 5-metal carbides, as calculated using AFLOW-AEL. Units: B, G in GPa. Each enthalpy value also acts as a link to the AFLOW.org entry page for the corresponding composition and configuration, which contains crystallographic, thermodynamic, and electronic structure data for the system. H f are calculated using
where H POCC,i is the enthalpy per atom for each POCC configuration of the N -metal carbide, H α are the enthalpies per atom for the corresponding constituent species α in their standard elemental phases, and x α is the molar concentration of species α.
Supplementary The PARTCAR (the geometry input file for the AFLOW partial occupation (AFLOW-POCC) algorithm [6] ) and initial POSCARs (the VASP [7] input file for the atomic geometry) for all 49 configurations of HfNbTaTiZrC 5 are presented below. Starting with the rock-salt crystal structure (spacegroup: F m3m, #225; Pearson symbol: cF8; AFLOW Prototype: AB cF8 225 a b [8] ) as the input parent lattice, the AFLOW-POCC algorithm generates a set of 49 distinct configurations, each containing one atom of each of the 5 metals, along with 5 carbon atoms. This is the minimum cell size necessary to accurately reproduce the required stoichiometry: C atom with full occupancy at the anionic lattice site and 5 different refractory metal elements with a 0.2 occupancy probability for each at the cationic lattice site. The degeneracy for each configuration g i is given by DG in the header of each POSCAR. For HfNbTaTiZrC 5 , all configurations have g i = 10, except for the 49 th where g i = 120. Each of the other 5-metal carbides also have the same 49 distinct configurations, with the same number of anions and cations in the unit cell, but with a different set of 5 refractory metal elements at the cationic sites. Note that the numerical designation of the configurations can vary from system to system. The total degeneracy ( i g i = 600) is same for all 5-metal systems. 9 8 1 6 5 1 2 5 8 5 0 1 . 8 9 8 1 6 5 1 2 5 8 5 2 3 8 4 1 2 3 5 2 9 5 1 . 6 4 3 8 5 9 3 9 2 1 8 3 1 . 6 4 3 8 5 9 3 9 2 1 8 3 −1 1 . 6 2 3 8 4 1 2 3 5 2 9 5 5 1 1 1 1 4 3 8 5 9 3 9 2 1 8 3 1 . 6 4 3 8 5 9 3 9 2 1 8 3 1 1 . 6 2 3 8 4 1 2 3 5 2 9 5 1 . 6 4 3 8 5 9 3 9 2 1 8 3 −1 . 6 4 3 8 5 9 3 9 2 1 8 3 1 1 . 6 2 3 8 4 1 2 3 5 2 9 5 1 . 6 4 3 8 5 9 3 9 2 1 8 3 1 . 6 4 3 8 5 9 3 9 2 1 8 3 −1 1 . 6 2 3 8 4 1 2 3 5 2 9 5 5 1 1 1 1 
